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An antenna subsystem having advantageous characteristics
for single channel monopulse tracking applications 1is
described. The antenna subsystem may include an array of
wave guides such as a square array of four wave guides
operating 1n a monopulse tracking operating Irequency
band. A single aperture horn may be connected with the
array such that one or more wave guide geometry transitions
deliberately generates higher order modes. The single aper-
ture horn may be configured such that the dominant mode
and the higher order modes combine to generate a corre-
sponding radiation pattern having an enhanced symmetry
and/or uniformity. A wave guide circuit may be coupled with
the array and configured to generate one or more signals
usable to track a moving target such as an elevation error
tracking signal and an azimuth error tracking signal.
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ANTENNA SUBSYSTEM AND METHOD FOR
SINGLE CHANNEL MONOPULSE
TRACKING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/549,879, filed Oct. 21, 2011, titled
“Single Aperture Four Waveguide Tracking Antenna Feed,”
the contents of which are hereby incorporated 1n 1ts entirety
by reference.

TECHNICAL FIELD

This mvention pertains generally to antennas and, more
particularly, to microwave antennas.

BACKGROUND

Conventional feed designs for single channel monopulse
autotracking antennas typically volve a compromise
between tracking angular resolution and optimum antenna
gain and/or sidelobe radiation patterns. This compromise
can result 1n severe performance limitations for applications
ivolving so-called high dynamic targets such as low atti-
tude ground launched missiles.

Some conventional single channel monopulse antenna
feed designs utilize a four element phased array. Such
designs typically provide good tracking sensitivity, but have
compromised data performance (e.g., with respect to noise).
Some conventional single channel monopulse attenna feed
designs utilize a five element phased array. These designs
typically compromise tracking sensitivity at the expense of
better data performance. Some conventional antenna feed
designs utilize a four horn array. These designs can provide
good tracking sensitivity, but typically have non-uniform
primary radiation patterns that result 1n less than desirable
aperture elliciencies and higher than desired secondary
sidelobe levels. In contrast, some conventional feed designs
that utilize a five element array have improved radiation
patterns relative to four horn arrays, but can sufler from
relatively poor error channel tracking gradients due to higher
clement oflset distances with a result being poor perfor-
mance when autotracking high dynamic targets.

Embodiments of the invention are directed toward solving,
these and other problems individually and collectively.

SUMMARY

An antenna subsystem having advantageous characteris-
tics for single channel monopulse tracking applications 1s
enabled. The antenna subsystem may include an array of
wave guides such as a square array of four wave guides. The
array of wave guides may have a dominant propagation
mode 1n a monopulse tracking operating frequency band.
The antenna subsystem may further include a single aperture
horn connected with the array such that one or more wave
guide geometry transitions (e.g., an abrupt change 1n wave
guide width) deliberately generates higher order modes. The
single aperture horn may include a straight section and a
flared section arranged such that the dominant mode and the
higher order modes combine to generate a corresponding,
radiation pattern having a greater symmetry and/or unifor-
mity. The antenna subsystem may further include a wave
guide circuit coupled with the array and configured to
generate one or more signals usable to track a moving target
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2

such as an elevation error tracking signal and an azimuth
error tracking signal. For example, the wave guide circuit
may include a set of magic tee junctions compensated to
operate over a significant portion of the monopulse tracking
operating frequency band.

The terms “invention,” “the invention,” “this invention”
and “the present invention” used 1n this patent are intended
to refer broadly to all of the subject matter of this patent and
the patent claims below. Statements containing these terms
should be understood not to lmmit the subject matter
described herein or to limit the meaning or scope of the
patent claims below. Embodiments of the invention covered
by this patent are defined by the claims below, not this
summary. This summary 1s a high-level overview of various
aspects of the mvention and introduces some of the concepts
that are further described 1n the Detailed Description section
below. This summary 1s not intended to i1dentily key or
essential features of the claimed subject matter, nor 1s 1t
intended to be used 1n 1solation to determine the scope of the
claimed subject matter. The subject matter should be under-
stood by reference to appropriate portions of the entire
specification of this patent, any or all drawings and each
claim.

bl ) 4

BRIEF DESCRIPTION OF THE DRAWINGS

[lustrative embodiments of the present vention are
described in detail below with reference to the following
drawing figures:

FIG. 1 1s a schematic diagram depicting aspects of an
example antenna 1n accordance with at least one embodi-
ment of the invention;

FIG. 2 1s a schematic cross-section diagram depicting
aspects of example single aperture horn in accordance with
at least one embodiment of the invention:

FIG. 3 1s a schematic cross-section diagram depicting
aspects of an example wave guide array with coupling 1n
accordance with at least one embodiment of the 1nvention;

FIG. 4 1s a radiation pattern diagram depicting aspects of
an example superposition in accordance with at least one
embodiment of the invention;

FIG. 5 1s a schematic diagram depicting aspects of an
example wave guide circuit in accordance with at least one
embodiment of the invention;

FIG. 6 1s a schematic diagram depicting aspects of another
example wave guide circuit in accordance with at least one
embodiment of the invention; and

FIG. 7 1s a flowchart depicting example steps for single
channel monopulse tracking 1n accordance with at least one
embodiment of the invention.

Note that the same numbers are used throughout the
disclosure and figures to reference like components and
features.

DETAILED DESCRIPTION

The subject matter of embodiments of the present mnven-
tion 1s described here with specificity to meet statutory
requirements, but this description i1s not necessarily intended
to limait the scope of the claims. The claimed subject matter
may be embodied 1n other ways, may include different
clements or steps, and may be used in conjunction with other
existing or future technologies. This description should not
be mterpreted as implying any particular order or arrange-
ment among or between various steps or elements except
when the order of individual steps or arrangement of ele-
ments 1s explicitly described.
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In accordance with at least one embodiment of the inven-
tion, an antenna subsystem with desirable characteristics for
single channel monopulse tracking applications 1s provided.
The antenna subsystem may incorporate a four element
wave guide array (e.g., a four element square wave guide
array) and intentionally excite higher order wave propaga-
tion modes (“higher order modes™) to shape a primary
radiation pattern inside an over-mode wave guide section
(e.g., a horn that 1lluminates a secondary reflector). Antenna
subsystem geometry may be chosen such that dominant and
higher order modes combine to enhance radiation pattern
symmetry and/or uniformity relative to the dominant propa-
gation mode. The enhanced radiation patterns have rela-
tively low side lobe levels and can provide good reflector
illumination, which 1n turn can provide for high secondary
elliciencies and low secondary side lobes. Tracking advan-
tages of the four element array (e.g., desirable tracking error
slope modulations) may be maintained while providing
desirable reflector illumination characteristics more typical
of a five element array.

In accordance with at least one embodiment of the inven-
tion, the antenna subsystem may have a monopulse tracking,
operating frequency band in the microwave C-band (e.g., 4
GHz to 8 Ghz) and, 1n particular, in a range for target
tracking applications of 4.4 GHz to 5.25 Ghz. The antenna
subsystem may incorporate a wave guide circuit capable of
processing signals output by the four element wave guide
array to generate tracking error signals including an eleva-
tion error tracking signal and an azimuth error tracking
signal. The wave guide circuit may generate the tracking
error signals at least 1n part with so-called magic tee wave
guide junctions that have been compensated to perform 1n
the monopulse tracking operating frequency band. The wave
guide circuit may separately process left and right hand
circularly polarized signals from the four element wave
guide array for use by a tracking signal processor.

For clanty, this description uses the example of an
antenna having a secondary retlector or sub-retlector that 1s
illuminated by an antenna feed, however, each embodiment
1s not so lmmited. FIG. 1 depicts aspects of an example
antenna 100 1n accordance with at least one embodiment of
the invention. An antenna feed 102 1s disposed through a
primary reflector 104 (e.g., a parabolic reflector) to 1llumi-
nate a secondary reflector 106 (e.g., a convex reflector). The
secondary reflector 106 may be connectively coupled with
the primary retlector 104 utilizing one or more support struts
such as support struts 108 and 110, and 1s sometimes called
a subreflector.

The antenna feed 102 may include a wave guide array 112
coupled with a horn 114. The wave guide array 112 and the
horn 114 may be integral or, as depicted in FIG. 1, may be
coupled with any suitable coupling mechanism 116 includ-
ing suitably disposed coupling flanges of the wave guide
array 112 and the horn 114. Examples of suitable manufac-
turing techniques include dip brazing, electroforming and
torch brazing. The wave guide array 112 may include a
symmetrically arranged array (“symmetrical array™) of con-
ductive wave guides such as a square array of four wave
guides. Each wave guide in the array may have dimensions
that yield a corresponding dominant propagation mode in
the chosen operating frequency band. The antenna feed 102
may include one or more abrupt geometry transitions con-
figured to generate one or more higher order modes 1n the
horm 114. The horm 114 may be a single aperture horn
configured to cause a superposition of the dominant mode
and the higher order modes such that the radiation pattern of
the combined dominant and higher order modes has a
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greater symmetry and/or uniformity relative to that of the
dominant mode. The antenna feed horn 114 1s described 1n
more detail below with reference to FIG. 2.

The antenna feed 102 may further include a wave guide
circuit 118 configured to receive mput from the wave guide
array 112 and generate a set of tracking signals for further
processing by one or more tracking signal processing com-
ponents 120. For example, the wave guide circuit 118 may
generate one or more tracking error signals such as an
clevation error tracking signal (“A EL”) and an azimuth
error tracking signal (“A AZ”). The wave guide circuit 118
may be coupled with the wave guide array 112 utilizing any
suitable wave guide coupler such as a 90 degree hybnd
coupler. The circuit 118 may be implemented using coaxial
components and/or further waveguide components. The
tracking signal processing components 120 may include any
suitable tracking signal processing components configured
to utilize the output of the wave guide circuit 118 for a
suitable tracking application including tracking of moving
targets and high dynamic targets in particular.

FIG. 2 depicts aspects of an example antenna feed horn
200 1 accordance with at least one embodiment of the
invention. FIG. 2 1s a schematic cross-section of the homn
200 and 1s not necessarily to scale. The antenna feed homn
200 1s an example of the horn 114 of FIG. 1. The antenna
feed horn 200 1s a single aperture horn having a flared
section 202 coupled with a straight section 204. The horn
200 may be the final or outermost aperture section of the
antenna feed 102. That 1s, the horn 200, and 1n particular the
flared section 202 of the horn 200, may be the first to
encounter a recerved signal from the secondary reflector
106. The outer aperture 206 of the flared section 202 (having
a width 208) may be sized to provide suitable electromag-
netic illumination of the secondary reflector 106, for
example, based on the geometry and location of the sec-
ondary retlector 106. Closed form H-plane rectangular aper-
ture equations may be utilized to determine, at least in part,
a suitable width 208 of the outer aperture 206 of the flared
section 202.

The change in geometry between the straight section 204
and the flared section 202 may correspond to an abrupt wave
guide geometry transition capable of generating higher order
modes, as may the change 1n geometry between the horn 114
and the wave guide array 112 (referring back to FIG. 1). The
flare angle 210 may be chosen to control the generated
higher order modes, as well as to arrange for superposition
of the generated higher order modes with the dominant
mode of the wave guide array 112. For example, the eflect
of various values of the tlare angle 210 and the flared section
length 212 may be numerically modeled and optimized. The
same 1s true of the length 214 and width 216 of the straight
section 204. In accordance with at least one embodiment, the
geometry of the horn 200 1s chosen to generate higher order
modes and cause superposition of the higher order modes
with the dominant mode such the electromagnetic radiation
pattern of the combined modes has a greater symmetry
and/or uniformity relative to the radiation pattern of the
dominant mode. For example, the width 216 of the straight
section 204 and the flare angle 210 of the flared section 202
may be varied to generate suitable higher order modes, and
the length 214 of the straight section may be adjusted to an
optimally symmetric (e.g., approximately and/or substan-
tially symmetric) radiation pattern at the outer aperture 206
of the horn 200.

The antenna feed horn 200 may have an outer tlange 218
suitable for coupling the horn 200 to a corresponding flange
of a dielectric radome to inhibit moisture ingress, and a
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coupling flange 220 suitable for coupling the horn 200 to a
corresponding flange of the wave guide array 112. A plu-
rality of tuning pins may be disposed into the interior of the
horn 200, for example, from septums of the wave guide
array 112, as described below 1n more detail with reference
to FIG. 3.

FIG. 3 depicts aspects of an example wave guide array
with coupling 300 1n accordance with at least one embodi-
ment of the mvention. FIG. 3 1s a schematic cross-section of
the wave guide array with coupling 300 and 1s not neces-
sarily to scale. The wave guide array with coupling 300 1s an
example of the wave guide array 112 and coupling 116 of
FIG. 1. Conductive walls 302, 304, 306, 308 of a wave guide
310 having width 312 may be divided by septums 314, 316,
318 to form a square four element array 320 of square wave
guides 322, 324, 326, 328 cach having width 330. A cou-
pling flange 332 and connectors (circles in FIG. 3 like circle
334) may be utilized to couple the wave guide array 320
with the corresponding flange 220 of the horm 200 of FIG.
2. The region 336 may correspond to the conductive walls of
the straight section 204 of the horn 200 of FIG. 2. The region
336 may therefore define a single aperture wave guide of
width 338 corresponding to the width 216 of the straight
section 204 of FIG. 2.

The wave guide array with coupling 300 may include an
abrupt step transition 340 between the wave guide array 320
and the straight section 336 of the coupled horn. As shown
in FIG. 3, the effective increase 1n waveguide width 342 may
include the width of a wall (e.g., wall 304) of the wave guide
array 320. This abrupt step transition 340 i1s an example of
a wave guide geometry transition capable of generating
higher order modes. In accordance with at least one embodi-
ment of the invention, the eflective increase 1n waveguide

width 342 may be nonzero, however, each embodiment of
the mvention 1s not so limited. In accordance with at least
one alternative embodiment of the invention, the effective
increase 1 waveguide width 342 1s zero (1.e., the width 338
of the straight section 336 1s approximately and/or substan-
tially equal to the width 312 of the waveguide 310). Nev-
ertheless, even 1n this case the transition from wave guide
array 320 (including septums 314, 316, 318) to the straight
section 336 of the horn may generate higher order modes,
although of a different nature, and these may be suflicient to
gain advantage from a configured superposition with the
dominant mode. As further alternates, the straight section
204 (referring back to FIG. 2) may also be flared so that the
horm 200 includes multiple flared sections with diflerent
flare angles. As further alternatives, the horn 200 may
include multiple pairs of straight and flared sections and/or
a set of abrupt step transitions.

In accordance with at least one embodiment of the inven-
tion, the eflective increase 1 waveguide width 342, also
called the abrupt horn step 342, may be varied, along with
horn 200 (FIG. 2) section lengths 212, 214 and/or flare angle
210 to force phase centers of the fundamental and higher
order modes to be substantially coincident in the outer
aperture 306 of the horn 200 (since the dominant and higher
order modes have different waveguide velocity factors)
thereby, at least 1n part, optimizing the amplitude of higher
order mode components of the combined radiation pattern.
In accordance with at least one embodiment of the invention,
the width 330 of the elements 322, 324, 326, 328 of the array
320 may have a width between 0.5 and 1.0 wavelengths at
the center frequency of operation (e.g., the center frequency
of the monopulse tracking operating frequency band). In
accordance with at least one embodiment of the invention,
the width 338 of the straight section 336 of the horn may be
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set to a value between 1.0 and 2.0 wavelengths a the center
frequency of operation. In accordance with at least one
embodiment of the invention, the length 214 (FIG. 2) of the
straight section 204 of the horn 200 may be set to a value
between 0.5 and 2.0 wavelengths at the center frequency of
operation. In accordance with at least one embodiment of the
invention, the flare angle 210 of the flared section 202 may
be set to a value between 15 and 30 degrees. In accordance
with at least one embodiment of the invention, the length
212 of the flared section 202 may be set to a value between
1.0 and 5.0 wavelengths at the center frequency of operation.

The wave guide array with coupling 300 may further
include multiple tuning pins (indicated in FIG. 3 by dashed
circles like dashed circle 344) that may be disposed into the
interior of horn 200 when the wave guide array with 300 1s
attached to the horn 200. As shown 1n FIG. 3, the tuning pins
may be connectively coupled with the septums 314, 316,
318 of the wave guide array 320. The geometry of the tuning
pins may be adjustable to improve electrical 1solation
between the ports 322, 324, 326, 328 of the wave guide array
320, as well as the impedance match of the horn 200 (FIG.
2). For example, cylindrical pins with a height and/or a
diameter of between 0.05 and 0.2 wavelengths of the center
frequency of operation may be coupled with the septums
314, 316, 318 and protrude into the horn 200.

FIG. 4 depicts aspects of an example superposition 402 of
an example dominant wave guide mode 404 and an example
higher order mode 406. The dominant wave guide mode 404
corresponds to a dominant transverse electric (TE) mode 1n
the hollow rectangular wave guide, denoted TE,,. The
higher order mode 406 corresponds to a particular higher
order transverse electromagnetic (1E/TM) mode in the wave
guide, denoted TE/TM,,. The superposition 402 of the
dominant 404 and higher order 406 1s denoted TE,,+TE/
TM, , and can be utilized to obtain a more uniform 1llumi-
nation of the secondary retflector 108 relatively to the
dominant mode 404. The radiation pattern of the superpo-
sition 402 has a greater symmetry than the radiation pattern
of the dominant wave guide mode 404. The antenna feed 102
(referring back to FIG. 1) may include one or more abrupt
geometry transitions to generate higher order modes such
that the superposition of the higher order modes with a
dominant mode modifies the E-plane radiation pattern of the
dominant mode to be more similar (e.g., approximately
and/or substantially equal) to the H-plane radiation pattern,
resulting 1n approximate and/or substantial electromagnetic
radiation pattern symmetry. In accordance with at least one
embodiment of the mvention, improved electromagnetic
radiation pattern symmetry results in improved single chan-
nel monopulse tracking performance (e.g., improved track-
ing error signal slopes).

The wave guide array 112 (FIG. 1) may be communica-
tively coupled with the wave guide circuit 118 utilizing any
suitable set of wave guide couplers, sometimes called wave
guide adaptors. For example, each of the elements 322, 324,
326, 328 of the wave guide array 320 of FIG. 3 may be
coupled to the wave guide circuit 118 with a pair of 90
degree hybrid couplers disposed through the wave guide 310
wall such that each of the pair 1s substantially orthogonal to
one another 1n the plane transverse to signal propagation. In
accordance with at least one embodiment of the invention,
a pair of couplers so disposed may provide right hand and
lett hand circularly polarized components of the signal 1n
cach array 320 element as separate inputs to the wave guide
circuit 118. Accordingly, the wave guide circuit 118 may
receive a set of right hand circularly polarized signals
corresponding to the four elements 322, 324, 326, 328 of the
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wave guide array 320 and a separate set of left hand
circularly polarized signals corresponding to the four ele-

ments 322, 324, 326, 328 of the wave guide array 320. In

accordance with at least one embodiment of the invention,
these separate sets of signals may be processed separately by
the wave guide circuit 118. For example, the wave guide
circuit 118 may include a set of circuit components, such as
those depicted in FIG. 5, dedicated to each polarization and
producing corresponding tracking error signals which are
then provided separately to the tracking signal processing
components 120.

FIG. 5 depicts aspects of an example circuit 500 suitable

for inclusion in the wave guide circuit 118 of FIG. 1. The
circuit 500 recerves four mputs 502, 504, 506 and 508

corresponding to signals recerved from the four elements

322, 324, 326 and 328, respectively, of the wave guide array
320 of FIG. 3. For example, the mputs 502, 504, 506, 508

may correspond to a right hand circularly polarized or a left
hand circularly polarized set of received signals. A first pair
of recerved mputs 502, 504 may be mput to a first magic tee
junction 510 (a magic tee junction 1s sometimes called a 180
degree hybrid coupler) to generate sum X' and difference A
AZ! signals. The diflerence signal output by the first magic
tee junction 5310 may correspond to an azimuth error track-
ing signal because inputs 502 and 504 correspond to array
320 elements 322 and 324 which have a same vertical, but
different horizontal location. Similarly, a second pair of
received mputs 506, 508 may be input to a second magic tee
junction 512 to generate corresponding sum X" and differ-
ence A AZ" signals.

The sum signals X' and 2" may become a third pair of
inputs to a third magic tee junction 514 to generate corre-
sponding sum X and difference A EL signals. In this case the
sum 2 1s the sum of each of the mput signals 502, 504, 506,
508 and the difference A EL may correspond to an elevation
error tracking signal because the sum signals ' and X
correspond to array 320 (FIG. 3) elements 322, 324 and 326,
328, respectively, which differ by vertical location in the
array 320. A fourth magic tee junction 516 having one output
port suitably terminated 518 may be utilized to generate a
sum A AZ of the generated azimuth signals AAZ' and A AZ".
Alternatively, a splitter/combiner may be used in place of the
fourth magic tee junction 516.

The outputs of the example circuit 500 are thus the sum
signal 2, the elevation error tracking signal A EL and the
azimuth error tracking signal A AZ. These, and another
similar set corresponding to the other polarization, may be
provided directly to the tracking signal processing compo-
nents 120 for further processing. In particular, the sum signal
> may be provided to a low noise amplifier (LNA) of the
tracking signal processing components 120 as data and as a
tracking reference signal. The output of the low noise
amplifier may be utilized for tracking and/or demodulating
he elevation error tracking signal A EL and the azimuth error
tracking signal A AZ. For example, the tracking error signals
A EL and A AZ may be multiplexed and/or time sequenced
into a single error signal, for example, using a suitable signal
switch. Further signal switches may be incorporated in the
tracking signal processing components 120, for example,
switches may be utilized 1n combination with further low
noise amplifiers to maintain an error signal and 1ts mverse
for absolute target direction (e.g., up/down, right/leit) to be
used 1n an autotracking process. In at least one embodiment
of the invention, one or more such tracking signal processing
components 120 may be incorporated into the wave guide
circuit 118.
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FIG. 6 depicts aspects of an example circuit 600 1n
accordance with at least one embodiment of the invention.
The circuit 600 of FIG. 6 1s an example of the circuit 500 of
FIG. 5. The example circuit 600 includes mputs 602, 604,
606, 608 corresponding to the mputs 502, 504, 506, 508 of
the circuit of FIG. 5. Outputs 610, 612, 614 may also
correspond to the outputs A EL, 2, A AZ of FIG. 5. FIG. 6
depicts a magic tee junction 616 corresponding to a magic
tee junction 314 of FIG. 5. In addition, FIG. 6 shows the
magic tee junction 616 incorporating a stepped matching
cone 618, a conducting cone used i1n the circuit 600 for
impedance matching. Fach magic tee junction 1n the circuit
600 (and circuit 500) may include such a matching cone 618.
Including such matching cones can enable the circuit 600 to
operate (e.g., provide data and tracking radiation patterns)
over a significant portion of the monopulse tracking oper-
ating frequency band (e.g., at least 17% for some operating
bands). A height and diameter of the cones may be adjusted
to optimize the portion of the frequency band over which the
circuit 600 can operate. In accordance with at least one
embodiment of the invention, the height of a stepped match-
ing cone may be set to have a value between 0.4 and 0.7
wavelengths at the center frequency of operation. In accor-
dance with at least one embodiment of the invention, the
diameter of a stepped matching cone may be set to have a
value between 0.4 and 0.7 wavelengths at the center ire-
quency ol operation. A cone may be truncated in either
circumierence or diameter, typically for mechanical reasons.

FIG. 7 depicts example steps for single channel
monopulse tracking in accordance with at least one embodi-
ment of the mvention. At step 702, a signal may be recerved
at a primary reflector. For example, an electromagnetic
signal 1n the monopulse tracking operating frequency band
may be received by the primary retlector 104 of FIG. 1. At
step 704, the signal may be received at a secondary retlector
such as the secondary reflector 106. At step 706, the signal
may be received at a single aperture horn such as the single
aperture horn 114. At step 708, the signal may be propagated
through the single aperture horn. At step 710, the signal may
be received at a wave guide array such as the wave guide
array 112. At step 712, the signal may be propagated through
the wave guide array. At step 714, one or more polarized
signal components may be received at a wave guide circuit
such as the wave guide circuit 118. At step 716, the polarized
signal component(s) may be transformed to one or more
error signals. For example, the wave guide circuit 118 may
transiorm the polarized signal components(s) to an elevation
error tracking signal and an azimuth error tracking signal. At
step 718, the error signal(s) may be provided for tracking.
For example, the wave guide circuit 118 may provide the
error signal(s) to the tracking signal processing components
120 for further processing.

All references, including publications, patent applica-
tions, and patents, cited herein are hereby incorporated by
reference to the same extent as 1f each reference were
individually and specifically indicated to be incorporated by
reference and/or were set forth 1n 1ts entirety herein.

The use of the terms “a” and “an” and “the” and similar
referents in the specification and 1n the following claims are
to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted by
context. The terms “having,” “including,” “containing” and
similar referents in the specification and in the following
claims are to be construed as open-ended terms (e.g., mean-
ing “including, but not limited to,”) unless otherwise noted.
Recitation of ranges of values herein are merely indented to
serve as a shorthand method of referring individually to each
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separate value inclusively falling within the range, unless
otherwise indicated herein, and each separate value 1s 1ncor-
porated nto the specification as i1f 1t were individually
recited herein. All methods described herein can be per-
formed 1n any suitable order unless otherwise indicated
herein or clearly contradicted by context. The use of any and
all examples, or exemplary language (e.g., “such as”) pro-
vided herein, 1s intended merely to better 1lluminate embodi-
ments of the mvention and does not pose a limitation to the
scope of the mvention unless otherwise claimed. No lan-
guage 1n the specification should be construed as indicating
any non-claimed element as essential to each embodiment of
the present mnvention.

Numerical data may be expressed or presented herein 1n
a range format. It 1s to be understood that such a range
format 1s used merely for convenience and brevity and thus
should be mterpreted tlexibly to include not only the numeri-
cal values explicitly recited as the limits of the range, but
also interpreted to include all of the individual numerical
values or sub-ranges encompassed within that range as if
cach numerical value and sub-range 1s explicitly recited. As
an 1llustration, a numerical range of “about 1 to 57 should be
interpreted to include not only the explicitly recited values
of about 1 to about 5, but also include individual values and
sub-ranges within the indicated range. Thus, included 1n this
numerical range are individual values such as 2, 3 and 4 and
sub-ranges such as 1-3, 2-4 and 3-3, etc. This same principle
applies to ranges reciting only one numerical value (e.g.,
“oreater than about 17) and should apply regardless of the
breadth of the range or the characteristics being described.
A plurality of 1items may be presented in a common list for
convenience. However, these lists should be construed as
though each member of the list 1s individually 1dentified as
a separate and unique member. Thus, no individual member
of such list should be construed as a de facto equivalent of
any other member of the same list solely based on their
presentation in a common group without clear indication to
the contrary.

As used herein, the term “alternatively” refers to selection
of one of two or more alternatives, and 1s not intended to
limit the selection to only those listed alternatives or to only
one of the listed alternatives at a time, unless the context
clearly indicates otherwise. The term “substantially” means
that the recited characteristic, parameter, or value need not
be achieved exactly, but that deviations or variations, includ-
ing for example, tolerances, measurement error, measure-
ment accuracy limitations and other factors known to those
of skill 1n the art, may occur 1n amounts that do not preclude
the eflect the characteristic was intended to provide.

Diflerent arrangements of the components depicted 1n the
drawings or described above, as well as components and
steps not shown or described are possible. Similarly, some
features and subcombinations are useful and may be
employed without reference to other features and subcom-
binations. Embodiments of the invention have been
described for illustrative and not restrictive purposes, and
alternative embodiments will become apparent to readers of
this patent. Accordingly, the present invention 1s not limited
to the embodiments described above or depicted in the
drawings, and various embodiments and modifications can
be made without departing from the scope of the claims
below.

The 1nvention claimed 1s:

1. An antenna comprising;

a divided wave guide comprising a plurality of individual

wave guides having respective wave guide widths for
propagation of respective individual signals 1n an oper-
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ating frequency band, the divided wave guide having a
divided port comprising ports of the plurality of indi-
vidual wave guides;

a common wave guide horn coupled with the divided
waveguide and comprising a plurality of sections
between a first end of the common wave guide horn
adjacent to the divided port of the divided wave guide
and a second end at an outer aperture of the common
wave guide horn, the plurality of sections of the com-
mon wave guide horn having increasing wave guide
cross-sectional size at each geometry transition from
the first end to the second end and converting between
the individual signals in the plurality of individual
wave guides and a composite signal in the common
wave guide horn; and

a circuit connectively coupled with the plurality of 1ndi-
vidual wave guides, the circuit comprising a first set of
junctions that output a first set of summation signals
and a first set of delta signals from the individual
signals, and a second set of junctions that output an
clevation error tracking signal and an azimuth error
tracking signal from the first set of summation signals
and the first set of delta signals.

2. An antenna 1n accordance with claim 1, wherein the
common wave guide horn propagates the composite signal
to define a combined radiation pattern having an E-plane
component that 1s symmetrical with an H-plane component.

3. An antenna 1n accordance with claim 1, wherein:

the individual wave guides propagate the respective 1ndi-
vidual signals 1n a dominant propagation mode;

the common wave guide horn generates at least one
higher-order propagation mode of the dominant propa-
gation mode; and

a straight section of the plurality of sections proximate to
the first end has a length such that a constructive
superposition of the dominant propagation mode and
the at least one higher-order propagation mode occurs
at the outer aperture of the common wave guide hom.

4. An antenna 1n accordance with claim 1, wherein the
first and second sets of junctions transform similarly polar-
1zed individual signals from the individual signals to pro-
duce the elevation error tracking signal and the azimuth
error tracking signal.

5. An antenna 1n accordance with claim 1, wherein the
circuit 1s further configured to obtain, from the individual
signals, a first set of polarized input signals and a second set
of polarized input signals.

6. An antenna 1n accordance with claim 1, wherein the
operating frequency band 1s between 4 GHz and 8 GHz.

7. An antenna 1n accordance with claim 1, wherein the
outer aperture of the common wave guide horn has a width
s1zed to 1lluminate a secondary antenna reflector.

8. An antenna in accordance with claim 1, further com-
prising a set of tuning pins disposed within the common
wave guide horn.

9. An antenna 1n accordance with claim 1, wherein the
circuit 1s further configured to, at least:

obtain, from the individual signals, a first set of input
signals associated with a first polarization and a second
set of mput signals associated with a second polariza-
tion;

transform, at least 1n part, the first set of input signals to
a first elevation error tracking signal component and a
first azimuth error tracking signal component;

transform, at least in part, the second set of 1input signals
to a second elevation error tracking signal component
and a second azimuth error tracking signal component;
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generate the elevation error tracking signal with the first
clevation error tracking signal component and the sec-
ond elevation error tracking signal component; and

generate the azimuth error tracking signal with the first
azimuth error tracking signal component and the sec-
ond azimuth error tracking signal component.

10. An antenna 1n accordance with claim 1, wherein the
first set of junctions comprise magic tee wave guide junc-
tions to recerve the individual signals from the plurality of
individual wave guides and the second set of junctions
comprise magic tee wave guide junctions to recerve outputs
from the first set of magic tee wave guide junctions.

11. An antenna 1n accordance with claim 1, wherein each
of the first and second sets of junctions incorporates stepped
obstructions.

12. An antenna 1n accordance with claim 1, further
comprising a primary reflector through which the divided
wave guide 1s disposed.

13. An antenna 1n accordance with claim 1, further

comprising a subreflector illuminated by the common wave
guide horn.

14. An antenna 1n accordance with claim 1, wherein the
second set of junctions further outputs a sum signal based on
a sum of the individual signals.

15. An antenna 1n accordance with claim 1, wherein the
plurality of sections includes at least one straight section and
at least one tlared section.
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